Purpose -ISO 9001 certification is nowadays considered to be one of the most effective tools that can be adopted for guiding the management of Quality Systems. The stunning growth observed by these standards all over the world confirms a strong polarization of enterprises' interest in this practice. Owing to the wide incidence of this phenomenon, a deep investigation of ISO 9001 diffusion over time is of mandatory importance. The research here reported covers the development of statistical models in order to characterize the ISO 9001 certification evolution on a country basis, as well as worldwide. Design/methodology/approach -Based on the pioneering results obtained by Saraiva and Duarte, an attempt is now made to: identify clusters of countries, according to their ISO 9001 evolution patterns; characterize the worldwide ISO 9001 certification evolution; identify which are the main evolution perspectives for ISO 9001 diffusion; identify significant variables that may influence ISO 9001 quality management systems diffusion; develop mathematical models in order to characterize the ISO 9001 certification evolution on a country-by-country basis. Findings -The research carried out allowed one to analyze the worldwide evolution of ISO 9001 certification and suggest new prediction models for the diffusion of quality management systems certification at different geographical realities. Originality/value -This paper covers the development of statistical models in order to characterize the ISO 9001 certification evolution on a country basis, as well as worldwide.
Introduction
Quality certification diffusion began when some companies, with the aim of distinguishing themselves, manifested a wish to give an external and formal evidence of their organizational efforts towards quality application. Achieving success in a more and more careful market, their number has progressively grown up in an almost exponential way (Franceschini et al., 2004) , even though that is not the case any longer for a significant number of countries, as we will see later on in this paper.
The demand for ISO 9001 certification is achieving an increasingly higher number of organizations, both from the public and private sectors. According to the ISO Survey 2006 (ISO, 2007 , by the end of 2006 there were approximately 900000 ISO 9001 certified entities worldwide. Such impressive numbers do indeed make of the ISO 9000 standards an universal and very significant phenomenon, deserving to be studied carefully from several perspectives.
Regardless of previous statistics, there is still a lack of research projects that try to characterize the quality management systems certification evolution and diffusion. Given the large scale of the ISO 9000 phenomenon, it is somewhat surprising that very few quantitative studies of the ISO 9000 dimension across the world seem to have been conducted so far. Some authors have already tried to make an interpretation of ISO 9000 registrations and define a new perspective for their implementation, but an exhaustive analysis of ISO 9000 diffusion is still lacking (Corbett and Kirsch, 2001; Saraiva and Duarte, 2003; Franceschini et al., 2004) .
In order to describe the ISO 9001 certification diffusion process, in the present paper a detailed analysis of certification growth worldwide will be reported, using the ISO Survey 2005 (ISO, 2006) as starting point. Based on the pioneering results obtained by Saraiva and Duarte (2003) , we will try now to address the following issues:
. Identify clusters of countries, according to their ISO 9001 evolution patterns.
. Characterize the worldwide ISO 9001 certification evolution.
. Identify which are the main evolution perspectives for ISO 9001 diffusion.
. Identify significant variables that may influence ISO 9001 quality management systems diffusion.
. Develop mathematical models in order to characterize the ISO 9001 certification evolution on a country-by-country basis.
First, we will describe the results associated with a cluster analysis performed over the ISO Survey 2005 countries that have reached a value of 0.05 ISO 9001 certificates per 1,000 inhabitants (ISO 9000pc) during the time period that ranges between 1993 and 2005. The aim of this cluster analysis was to identify groups of countries having similar evolution patterns. We have defined the minimum value of 0.05 ISO 9001 certificates per 1,000 inhabitants because we have verified in previous research that below this value we are talking about countries where the ISO 9001 phenomenon is still very limited, and thus would create only background noise when included in our statistical data analysis. According to Figure 1 , it is possible to verify the high spread of ISO 9000pc scores across nations, and that there is still a large number of countries with ISO 9000pc scores below 0.05.
Then, we will show the results that we have obtained regarding the development of mathematical models for describing the behavior found around each cluster of countries identified in the previous phase. The aim of these models is to characterize the ISO 9001 certification evolution over time and forecast the certification market evolution in the forthcoming years.
Therefore, our paper tries to provide a partial answer to the common literature comments pointing out that more and more fact-based and statistically oriented studies should be conducted in this area, and that ISO 9000 standards diffusion studies are still quite scarce. By doing so, we hope to help quality professionals and quality IJQRM 28,1 organizations in making better decisions in the future, concerning ISO 9000 standards, by having data evidence to forecast its evolution across time. Mansfield (1961 , cited in Albuquerque et al., 2006 was perhaps the first to explicitly model the process of technology diffusion, using the well-known logistic function and corresponding S-shaped growth curve. Surprisingly, the existing literature on ISO 9000 or ISO 14000 rarely refers the international diffusion literature, despite the fact that the spread of management standards is probably subject to installed-base effects (Albuquerque et al., 2006) .
Literature review
At present, there is a large number of international and national standards whose aim is to order and systematize, among other things, the implementation of business management systems in relation to a wide variety of functions and operations. All the ISO standards have a very similar methodology, which includes the creation, structure and implementation process, possibly followed by a verification conducted by a third independent part.
In December 2006 there were 170 countries with ISO 9001 certified companies, corresponding to 853,478 certifications worldwide (ISO, 2007) , and therefore it is relevant to examine how this diffusion came about, and verify if it follows any given specific growth models. For the specific case of diffusion of management standards the literature is scarce. Concerning quality management systems diffusion, one should point out three research teams that have obtained some important results related to this issue. The first results regarding a quantitative approach to explain the ISO 9001 certification diffusion were published by Saraiva and Duarte (2003) , who aimed to predict how ISO 9000 certification would develop worldwide in the future. These authors have also identified significant variables that influence the quality management systems certification diffusion. Saraiva and Duarte (2003) have developed a regression model that allows one to compute estimates for ISO 9001 certificates at a given country from its population, gross national income and number of certificates in the last two years. The authors have also derived a model which forecasts the evolution of the total number of certificates issued in the world for the period ranging from 2002 to 2006.
Similarly, a second contribution, carried out by Franceschini et al. (2004 Franceschini et al. ( , 2006 , analyzes in detail some areas looked at by Saraiva and Duarte (2003) . The authors have studied the ISO 9000 standard quality certification growth in some European countries and have suggested the use of a logistic model, from a close analogy between certification diffusion and bio-population growth, in order to describe the certification diffusion process related to each specific economic-entrepreneurial macro-structure. The model suggested provides a forecast of new certifications growth, together with the time required to reach a certain saturation level. If we look at the evolution curve for the number of certificates over time, in each country, we can indeed observe a kind of "saturation effect" (Franceschini et al., 2006) . According to the authors, after a certain period of fast growth, a physiologic break takes place, suggesting that when the number of certified organizations reaches a certain limit, certification loses its connotation and becomes less attractive for the remaining non-certified companies. At this stage, there is a reduction of the competitive gap between certified and non-certified companies, and the number of new enterprises potentially interested in achieving certification decreases significantly (Franceschini et al., 2004) . Sampaio et al. (2009a Sampaio et al. ( , 2009b have concluded that there is a linear relationship between the number of ISO 9001 issued certificates per 1000 inhabitants and the percentage of ISO 9001 certified companies for each European Union (EU) country. They have also verified that the percentage of certified companies for Italy was equal to 42 percent (2005), a score that is significantly higher than the maximum saturation value forecasted by Franceschini et al. (2004 Franceschini et al. ( , 2006 .
More recently, Marimon et al. (2004) and Casadesús et al. (2005) have tried to see if the model proposed by Franceschini et al. (2004) is only adaptable to a country's ISO 9000 certification, or whether similar models can also be used for their levels of ISO 14000 certifications. Casadesús et al. (2005) have investigated whether these models can be used solely in terms of data gathered at worldwide level or could be also adaptable to each individual country involved. The authors have also tried to find out if the diffusion process has gone on in a relatively homogeneous way, between the different activity sectors involved, or if certification has clearly taken place more quickly in certain sectors. The authors have concluded that, according to the model proposed, ISO 9000 and ISO 14000 standards have reached an important moment in their maturity. From the economic sectors perspective, both standards are developing IJQRM 28,1 towards smaller indices of concentration and there are fewer fluctuations in the sector's positions in the rankings of certifications. The authors have stated that those sectors that were leaders or pioneers in the introduction of the ISO 9000 standards have played similar galvanizing roles in the case of the ISO 14000 standards. Corbett and Kirsch (2001) have stated that the unprecedented surge in the progress of the ISO 9000 standards has been an important factor in explaining the surge observed for the ISO 14001 standard.
The studies that have been carried out by Corbett are very important and of greater interest to an understanding of ISO 9000 and ISO 14000 certifications diffusion. Nevertheless, those studies refer to the mechanisms of diffusion, rather than to the actual diffusion observed over time (Corbett and Kirsch, 2000; 2001; Corbett, 2005) .
Given the above previous works, we will in the next sections provide additional insights related with the diffusion of ISO 9001 certifications, including a cluster analysis of countries and the development of different forecasting models.
Cluster analysis
Classification is a basic human conceptual activity, and often related also with the previous definition of data clusters. According to Aldenderfer and Blashfield (1984) , "cluster analysis" is the generic name for a wide variety of procedures that can be used to create a classification. These procedures empirically form groups of highly similar entities. More specifically, a clustering method is a multivariate statistical procedure that starts with a data set containing information about a sample of entities and attempts to reorganize these entities into relatively homogeneous groups.
The primary goal for the use of cluster analysis is to find groups of similar entities in a sample of data. Seven major families of clustering methods have been developed (Aldenderfer and Blashfield, 1984) :
(1) Hierarchical agglomerative. Each of these families represents a different perspective on the creation of groups, and the results obtained, when different methods are applied to the same data, can be quite different. We have used an iterative partitioning method, the k-means algorithm. Most partitioning methods work in the following fashion (Aldenderfer and Blashfield, 1984) :
.
Begin with an initial partition of the data set into some specified number of clusters. Then compute the centroids of these clusters.
Allocate each data point to the cluster that has the nearest centroid.
Compute the new centroids of the clusters.
. Alternate steps 2 and 3 until no data points change clusters.
ISO 9001 certification models
According to Branco (2004) , the possible number of partitions can computed by (1):
where n -number of entities.
k -number of groups.
The most straightforward way to discover the optimal partition of a data set is to form all possible partitions of such a data set (Aldenderfer and Blashfield, 1984) . Since all possible partitions of data sets cannot be examined, researchers have developed a wide range of heuristic procedures that can be used to sample a small subset of all possible partitions in the hope of finding the near optimal partition of a given data set.
In our cluster analysis we have only used data from countries with ISO 9001 certified companies (ISO, 2006) that in the time period that ranges between 1993 and 2005 have reached the value of 0.05 ISO 9001 issued certificates per 1,000 inhabitants (ISO 9000pc). To compare different countries on a similar time scale, removing from the analysis relative delays regarding when ISO 9001 diffusion began to grow at a given country, we have defined an annual time scale that considers t ¼ 0 for the particular year at which a given country did overcome the ISO 9000pc score of 0.05.
Based on the previous assumptions, we were able to identify three different clusters of countries that we will briefly describe in the forthcoming paragraphs. Such clusters were defined through a comparison of ISO 9000pc time evolution profiles, according to the common time scale mentioned above.
Cluster 1 is composed of the following countries ( Figure 2 
Switzerland.
As is illustrated in Figure 2 , Cluster 1 is composed by countries that are leading the way in terms of ISO 9000pc scores (above 1). Hungary, Italy, Switzerland and Singapore are the countries with the highest ISO 9000pc scores and that are approaching 1.80 certificates per 1,000 inhabitants. This cluster also includes countries that have smoother growth trajectories and present ISO 9000pc values ranging between 1.00 and 1.30, such as the Czech Republic, Spain and Israel. Cluster 2 comprises 80 percent of the countries included in our sample ( Figure 3 ). Most of these countries correspond to scores of ISO 9000pc below 0.6. They present smoother growth trajectories together with slower growth rates than countries of Cluster 1. However, as is illustrated in Figure 4 , Cyprus, Malta and Slovenia are countries in this cluster that present evolution patterns of slow growth, but at a specific time period t they seem to have moved to growth rates similar to the ones associated with Cluster 1 countries.
Cluster 3 comprises Australia, Ireland, Latvia, The Netherlands, New Zealand and the UK.
Most of the Cluster 3 countries belong to the Commonwealth, and their evolution pattern is characterized by a decrease in the number of ISO 9001 certified companies somewhere between 1993 and 2005. As is illustrated in Figure 5 , for the majority of these countries, that decrease has occurred in the time of t ¼ 8 or t ¼ 9. Figure 6 shows in more detail the Commonwealth countries evolution features.
A common characteristic to the Commonwealth countries is that they have important commercial and economical relationships between them. According to Corbett (2005) , companies exporting goods or services into a region may also The diffusion of ISO 9001 certifications started mostly in Europe. Then, European companies pressured their suppliers around the world to become also ISO 9001 certified and such suppliers sought certification as a protection mechanism against the perceived threat of having ISO 9001 certification as an international trade barrier. Next, domestic diffusion started to grow in those countries as well, namely due to competitive reasons (if our competitor is ISO 9001 certified, we should also be so), and pressure exerted by downstream customers through global supply chains (Sampaio et al. 2009b) .
The above results do show that the importance of ISO 9001 certification is not the same in all the countries. The number of ISO 9001 entities certified changes from one country to the other, and they can be approached through different time dynamics, with some countries presenting a fast and solid growth, others a slower diffusion, and yet others moving into a decrease, after having reached a maximum number at a certain year.
Forecasting statistical models
Based on the cluster analysis results introduced in the previous section, we have developed multiple regression models for each cluster of countries, in order to characterize the ISO 9001 certification evolution. As for the variable selection procedure, we have used Backward Stepwise Elimination (Montgomery and Runger, 1994; Reis, 2007; Guimarães and Cabral, 1997) .
Regression models development
According to Sampaio et al. (2009a Sampaio et al. ( , 2009b , and Saraiva and Duarte (2003) , there is an apparent positive relationship between the number of ISO 9001 certified companies per 1,000 inhabitants and countries economic development levels.
As illustrated in Figure 7 , we can observe that there is an apparent positive relationship between ISO 9000pc scores and per capita Gross National Income levels (GNIpc) of each country. The majority of the analyzed countries does present ISO 9000pc values below 0.1 and GNIpc values smaller than $US 10.000. However, there are some countries not aligned with this trend. That is the case for countries such as Iceland, USA, Denmark, Norway and Luxembourg, where large values of GNIpc go together with smaller than expected ISO 9000pc scores.
ISO 9001 certification models 4.1.1 Univariate regression analysis. Based on the previous results, our aim was to develop regression models for each cluster, in order to predict the number of ISO 9001 certificates using information related to the country economic development and number of ISO 9001 issued certificates in the previous years. We would like to point out that we have tested other relationships between the number of ISO 9001 certificates and other economic variables. However, the relationships thus found were not as strong as the one identified between ISO 9000pc scores and countries GNIpc. We have only used 64 countries from the 2005 Survey (ISO, 2006) for modeling purposes, because only for those ones were we able to find out information related to all the variables used in our models.
In a first step we did analyze the univariate relationships between the dependent variable (ISO 9000pc t ) and the independent variables (ISO 9000pc t-1 ; ISO 9000pc t-2 and GNIpc), including all the countries that have been used for cluster analysis, where we have defined t ¼ 2005, t 2 1 ¼ 2004 and t 2 2 ¼ 2003.
As a result of this initial univariate analysis, we have identified which of the three initial variables do present a significant relationship with the dependent variable. According to Table I, all the variables should be considered in our model development. Our next step consisted on the development of a multiple linear regression model for each cluster, using the previously selected variables ( Table II) . For that purpose, we have used as variable selection technique a Backward Stepwise Elimination procedure, leading to the final models described in Tables III-V. 
Multiple regression analysis.
In the forthcoming paragraphs we will present the work developed regarding the construction of multiple regression models. In order to improve the models performance we have conducted a quadratic transformation in the independent variable ISO 9000pc and a logarithm transformation in the GNIpc variable, as additional possible model inputs. In multiple regression models, when the assumption of linearity is not met, the usual way of achieving it is to transform the variables into new variables that exhibit more linear relationships with the dependent variable (Makridakis and Wheelwright, 1989) . The final resulting models, for each cluster of countries, are the ones mentioned in Tables III-V Montgomery and Runger (1994) , the prediction interval for a future observation, using multiple linear regression, can be derived as:
Using these uncertainty bands, we are able to compute prediction intervals for each country, together with the respective predicted values. Figure 8 , Table VIII, Figure 9 , Table IX and Figure 10 ).
ISO 9001 certification in the world: past, present and future
In this section we will present results related to the development of a model, which tries to predict the number of entities certified in the world. For that purpose, we have used an exponential smoothing forecasting model (Brown Model). As the Holt Model, the Brown Model should be used for data series that do present a consistent linear trend, without seasonality. However, the most important difference between these two models is that for the Brown Model the smoothing constants should have the same value (Mendenhall et al., 1993) . According to Figure 11 , the total number of ISO 9001 certificates in the world has been growing steadily from a total number of 46,571 (December 1993) Using the data available from 1993 to 2006, a statistical model was developed, and then applied to forecast an evolution for the total number of ISO 9000 certificates in the world from 2007 to 2010, assuming that no discontinuities will occur and also that no global saturation limits will be approached before 2010.
For time series with linear trends, one should use a second-order exponential smoothing equation (Mendenhall et al., 1993) , of the type:
where
Statistic S t (2) is called the double-smoothed statistic. It gives an indication of the trend for the averages S t over time. Hence, its inclusion in the model will account for a linear trend of y t with time (Mendenhall et al., 1993) . The corresponding results thus found are reported in Tables X and XI . One should point out that when we derived the previous model the last available data were from the ISO Survey 2006 (ISO, 2007 . According to Table XII and Figure 12 , we were able to predict that the magic number of one million certificates would be reached by the end of year 2007. However, after the publication of the 2007 Survey (ISO, 2008) we are able to verify that this score was not yet reached. According to the survey, there were issued, by the end of 2007, a total number of 951,446 ISO 9001 certificates. However, we must also take into account that a slightly different approach was adopted by ISO regarding the computation of these values for 2007, resulting in values smaller than the equivalent ones for previous years. This reinforces the good forecasts obtained from our model regarding year 2007.
In order to measure the accuracy of the model developed, we have used the following measures (Makridakis and Wheelwright, 1989) : 
Mean absolute error (MAE) Comparing our model with the one developed by Saraiva and Duarte (2003) , one can see that the mean absolute percentage error for both is close to 10 percent, assuming a score of 10.2 percent for the first model and of 9.7 percent for the second one. The model derived by Saraiva and Duarte presented for t ¼ 2003 the highest score percentage error (37.8 percent). On the other hand, the model presented in this paper does present for t ¼ 1995 its highest percentage error value, of 35.3 percent. According to Table XIII we can state that both models do present a quite good accuracy regarding the prediction of the number of ISO 9001 certificates in the world.
Conclusions
We have presented an analysis of ISO 9001 quality certification growth in the world and in the countries covered by the ISO Survey 2005. For that purpose, we have identified clusters of countries, according to their ISO 9001 evolution curves, and for each cluster generic forecasting models were derived, allowing one to compute estimates for ISO 9001 certificates at a given country from its population, gross national income and number of certificates in the previous years. We have also developed and tested an exponential smoothing model that allows one to predict the total number of certificates issued in the world for the period of time ranging between 2007 and 2010.
As a result of the above efforts, the following mains results can be mentioned:
The ISO 9000 diffusion in the different countries can be categorized based on their evolution curves. Saraiva and Duarte (2003) and our own model ISO 9001 certification models number of ISO 9001 certificates per 1,000 inhabitants. Cluster 2 is composed by 80 percent of the countries in our sample, which correspond to countries that do present smoother growth trajectories and an evolution trend that tends to stabilize below ISO 9000pc equal to 0.6. The third cluster is composed by countries that have presented a significant growth trend, but where at a specific time period, t, the number of certified companies has begun to decrease.
. Based on the previous results we have derived forecasting models for each cluster that allow one to predict the number of ISO 9001 certificates at a given country from its population, gross national income and number of certificates in the year before.
We have reinforced the conclusions already reached by Saraiva and Duarte (2003) , concerning the fact that there is a significant relationship between ISO 9001 certification and countries economic development.
. A generic forecasting model was derived that allows one to compute estimates for the number of ISO 9001 certified entities in the world.
If we look at the evolution curve of the number of certificates over time for some countries, we can observe a kind of saturation effect. This phenomenon can be explained by facing the certification process as a distinction element. When the number of certified organizations reaches a certain limit, certification becomes less attractive for the remaining firms and loses its characteristic of differentiation.
We presented an analysis of the ISO 9000 standard diffusion worldwide. We were able to classify countries according to their ISO 9000 evolution pattern and to develop models for each one of such clusters. Furthermore, we have derived a model that allows one to predict the ISO 9000 standard worldwide evolution in the forthcoming years. Our research suggests that there is not an unique forecasting model that could be used in all countries, but that there should be different models, according to the countries ISO 9000 certification evolution patterns.
Additionally, the research presented here has some implications both for academicians and practitioners. For the academic community, this work constitutes an effort to provide an important contribution for studying the ISO 9000 phenomenon diffusion/evolution on a sound statistical basis. For practitioners, particularly certification bodies, this research shows some clues concerning the relationships between some important features and ISO 9001 certification, identifying significant variables that influence ISO 9001 registration evolution and diffusion in the countries analyzed. In addition, these results can help the certification bodies that operate in those countries learn about ISO 9001 evolution trends, and thus predict how the quality management systems certification market will develop in the near future.
Given the economic and social relevance of the ISO 9000 phenomenon, as well as the increasing availability of data related to it, we believe that more and more fact-based and statistically oriented studies should be conducted in this area.
Looking at the obtained results, some questions come out about the ISO 9000 certification evolution. Will the certification market go on? Are there other variables that could influence the ISO 9000 countries diffusion? Are there other statistical models that could better characterize the ISO 9000 evolution?
Some of the issues raised here will continue to deserve additional research and are at the core of the authors' future work. IJQRM 28,1
